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Abstract
The Pr2Fe17 compound is a potential candidate for low cost magnetocaloric materials with
a signiﬁcant relative cooling power (RCP) around room temperature (280 K). In this work,
we present the results of the substitution of dysprosium for praseodymium and of the substi-
tution of aluminum for iron in Pr2Fe17. The polycrystalline Pr2Fe17, Pr1.75Dy0.25Fe17 and
Pr2Fe16.75Al0.25 were prepared by arc melting under a high purity argon and homogenized at
1373K to minimize the amount of other possible impurity phases. All the samples crystallize
in the rhombohedral Th2Zn17 type structure. The lattice parameter increases with the Al and
Dy content. The Curie temperature increases with Dy content and Al content. The magnetic
entropy change ΔSm was estimated from isothermal magnetization curves for all samples.
Keywords: Rare-earth intermetallics; Magnetic properties; Diﬀraction; Magnetocaloric materials; Mag-
netic refrigeration
1 Introduction
Intermetallic compounds based on rare earth elements (R) and 3-d transition elements (T)
have received considerable attention in the last decades [1, 2, 3, 4] owing to their outstanding
magnetic characteristics of high potential application and rich phenomenology. This is mainly
due to the coexistence of complementary features of the 3d and 4f magnetism [3, 5]. The di-
verse magnetic scenarios displayed by these compounds give rise to a great variety of functional
materials for technological applications: hard magnet, soft magnetic properties and magnetic
refrigeration [6, 7].
Recently, most of the current prototypes for room temperature magnetic refrigeration have used
rare-earth (R) based materials [7]. However, some Fe-rich R2Fe17 compounds have shown values
of RCP comparable with those of Gd-based magnetic materials. In addition, these alloys are of
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interest due to lower cost of the main component (Fe) and easy fabrication procedures[8, 1, 2, 4].
However, Pr2Fe17 compound have some advantages, such as a maximum of ΔSM around room
temperature and broader ΔSM peaks, thus making them potential candidates for use in mag-
netic refrigeration, provided that they can be adequately processed [9, 10, 11, 12, 13, 14].
The magnetocaloric eﬀect is characterized by an adiabatic change in temperature T or an
isothermal change in entropy, ΔS, arising from the application of external magnetic ﬁeld H.
The magnetocaloric eﬀect increases with increase of the applied magnetic ﬁeld and with the
change of magnetization M(T,H) during the application of magnetic ﬁeld. This means that
the eﬀect reaches its maximum in the vicinity of magnetic phase transition points.
The MCE parameters, the adiabatic temperature change and the isothermal magnetic en-
tropy change, are correlated with the magnetization, the magnetic ﬁeld strength, the heat
capacity and the absolute temperature by one of the fundamental Maxwell’s relations:
(
∂S(T,H)
∂H
)
T
=
(
∂M(T,H)
∂T
)
H
For an isothermal-isobaric process, the integration of the above equation yields :
ΔSM (T,H) =
∫ H
0
(
∂M(T,H)
∂T
)
H
dH
Where T is the temperature at which each M(H) curve is measured. After applying this
calculation procedure to the whole set of M(H) curves we obtain the temperature and applied
magnetic ﬁeld dependence of the magnetic entropy change, ΔSM (T,H).
Curie temperature TC of Pr2Fe17 is around 285 K but the current interest is on magnetic
refrigeration near room temperature, that’s why, we propose the substitution of praseodym by
dysprosium and iron by aluminum to increase TC to room temperature. In fact, this has been
shown that the Tc increases with the substitution of Pr by Dy and Fe by Al for Dy2Fe17−xAlx
and Y2Fe17−xAlx compounds [9, 15]. They are particularly interesting due to their low rela-
tively fabrication costs, room temperature ΔSM maxima and broader ΔSM peaks.
In the present work, we have studied the crystal structure of Pr2Fe17, Pr1.75Dy0.25Fe17
and Pr2Fe16.75Al0.25 samples by X-ray powder diﬀraction as well as its magnetic properties
and the magnetocaloric eﬀect.
2 Experimental Methods
The polycrystalline Pr2−xDyxFe17 and Pr2Fe17−yAly have been prepared by arc melting un-
der a high purity argon of high purity elements Fe 99.9 %, Al 99.9%, Pr 99.98% and Dy 99.98%.
Approximately, 25% atomic excess Pr was added during melting in order to maintain an over-
pressure of praseodymium on the sample to obtain single-phase samples (without the presence
of a secondary α-Fe phase). All ingots were wrapped in tantalum foil, homogenized in the
high-purity argon atmosphere at 1373 K for one week to minimize the amount of other possible
impurity phases. The thermal treatment was ﬁnished by direct water quenching of the pellets
from the furnace. The samples were subsequently milled by means of an agate mortar to pre-
pare powders for the measurements. The powders were sieved using a 36 μm pore size metallic
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sieve.
The ﬁnal products were characterized using powder X-ray diﬀraction (XRD) on a BRUKER
diﬀractometer with Cu Kα radiation to determine the crystallographic structure and identify
the present phases. Scans of 2θ between 10◦ and 120◦ with Δθ = 0.02◦ steps and counting
times of 22 sec per point were measured at room temperature. The XRD data was reﬁned
using Rietveld method as implemented in the FullProf computer code [16].
The magnetic measurements of the samples were performed using, at low temperature, the
Physical Properties Measurement System PPMS9, (Quantum Design) under an applied ﬁeld
up to 9T. At high temperature, a vibration sample magnetometer (VSM) facility of 7T Mini
Cryogen Free Measurement System (Cryogenic Ltd) was used under an applied magnetic ﬁeld
up to 5T. The Curie temperature was determined as the minimum of the dM/dT plots.
The change of magnetic entropy was determined as a function of the temperature and the
change of applied magnetic ﬁeld through numerical integration of the isothermally measured
M(H) curves.
3 Results and Discussions
3.1 Structure analysis
Figure 1 shows the XRD patterns corresponding to the polycrystalline Pr2Fe17, Pr1.75Dy0.25Fe17
and Pr2Fe16.75Al0.25 compounds annealed at 1373 K with its Rietveld reﬁnement. The
Praseodymium-based 2:17 compounds crystallize in the rhombohedral R3¯m space group
Th2Zn17 type structure without the presence of a secondary α-Fe phase. The Fe atoms oc-
cupy four inequivalent crystallographic sites (6c, 9d, 18f and 18h in the Wyckoﬀ site notation)
and a unique 6c site is occupied by Pr [17].
It reveals that they consist of the rhombohedral Th2Zn17 type structure with a R3¯m space
group. Table 1 summarizes the values of the crystallographic parameters as well as the reliability
factors of the reﬁnements. For x = 0.25, the cell parameters values are a = 8.5540(2)A˚ and
c = 12.4232(8)A˚. These cell parameters and the corresponding cell volume are lower than in
Pr2Fe17 (ΔV/V = 0.38%). But for y = 0.25, the cell parameters values are a = 8.5760(2)A˚
and c = 12.4518(6)A˚. These cell parameters and the corresponding cell volume are larger
than in Pr2Fe17 (ΔV/V = 0.38%). On the other hand, the c/a ratio is the same for Pr/Fe
substitution by Dy/Al (1.45).
3.2 Magnetic properties
The temperature dependence of the magnetization, M(T ) curves were measured under a low
applied magnetic ﬁeld μ0H = 15 mT. All the samples show a sharp ferromagnetic transition at
TC . The Curie temperatures were identiﬁed as the minima in the ﬁrst derivative of the M-T
curves. The values of the diﬀerent TC corresponding to Dy contents are represented in ﬁgure
2 in function of Dy content (x) and Al content (y). One can see that TC increases with x and
y up to room temperature. The values of the diﬀerent TC corresponding to Dy (x = 0.25) and
Al (y = 0.25) contents are listed in Table 1.
Figure 3 shows the magnetic ﬁeld dependence of isothermal magnetization, M-H, of the
Pr2Fe17, Pr1.75Dy0.25Fe17 and Pr2Fe16.75Al0.25 measured up to 5 T at diﬀerent temperatures.
The Ms was estimated by ﬁtting the isothermal magnetization curve of magnetic ﬁeld using the
approach law at the saturation and are listed in Table 2.
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Figure 1: Observed (dots) and calculated (solid line) XRD patterns of nanostructured Pr2Fe17,
Pr1.75Dy0.25Fe17 and Pr2Fe16.75Al0.25 compounds. Vertical bars represent the positions of the
Bragg reﬂections. The observed-calculated diﬀerence is depicted at the bottom of the ﬁgures.
x = 0 x = 0.25 y = 0.25
a (A˚) 8.5646(3) 8.5540(2) 8.5760(2)
c (A˚) 12.4394(1) 12.4232(8) 12.4518(6)
a/c 1.452 1.453 1.452
V (A˚3) 790 787 793
x{18f} 0.284 0.282 0.288
x{18h} 0.506 0.525 0.505
z{6c}(Pr) 0.345 0.344 0.344
z{6c}(Fe) 0.093 0.095 0.097
z{18h} 0.157 0.157 0.157
χ2 1.45 3.94 1.38
RB 3.08 6.21 4.5
TC(K) 285 305 299
Table 1: a and c cell parameters, RB and χ
2 factors from Rietveld ﬁt and Curie temperature
of compounds.
The positive slope of Arrott plots represented in ﬁgure 3 for Pr2Fe17, Pr1.75Dy0.25Fe17
and Pr2Fe16.75Al0.25 compounds shows that the transition from ferromagnetic to paramagnetic
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Figure 2: Curie temperature dependence on the Dy and Al content for the Pr2−xDyxFe17 and
Pr2Fe17−yAly compounds.
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Figure 3: Isothermal magnetization M(H) curves and the Arrott plots of Pr2Fe17,
Pr1.75Dy0.25Fe17 and Pr2Fe16.75Al0.25 in a ﬁeld up to 5 T in diﬀerent temperatures
state at TC is a second-order phase transition.
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3.3 Magnetocaloric properties
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Figure 4: Magnetic entropy change ΔSm vs temperature around the Curie temperature for
Pr1.75Dy0.25Fe17 alloy.
In order to calculate ΔSm at a given temperature, a numerical integration of two consecutive
MT (H) isotherms around such temperature and the numerical derivative with temperature is
performed. The results obtained from these calculations allow us to drow the evolution of ΔSM
with temperature and/or applied ﬁeld.
Figure 4 illustrate, as an example, the magnetic entropy change of Pr2Fe17, Pr1.75Dy0.25Fe17
and Pr2Fe16.75Al0.25 as a function of temperature and the external ﬁeld change.
The maximum ΔSM of Pr2Fe17 is 1.48, 2.8, 3.95, 4.83, 5.5 Jkg
−1K−1 for external ﬁeld
change from 1, 2, 3, 4, 5T. We note that ΔSM decreases with doping Al, for x = 0.25, ΔSM =
4.9 Jkg−1K−1 at μ0H = 5T. It can clearly be seen that there is a well deﬁned maximum for the
alloys at TC = 285 K and 299 K reaching a value of ΔSM = 5.5 Jkg
−1K−1 and 4.9 Jkg−1K−1.
We note the eﬀect of synthesis in the magnetocaloric properties of Pr2−xDyxFe17. For ex-
ample, the maximum value achieved for the bulk sample, 7.60 J/kg.K for x=0.25. Furthermore,
the synthesis process leads to a reduction of the maximum value for ΔSm (6.1 J/kg.K).
Another parameter for characterizing magnetocaloric properties and determining the suit-
ability of a particular magnetic material for working bodies in magnetic refrigerators is the
relative cooling power (RCP). This is determined as a product of the peak value of the entropy
change ΔSM and the full width at half maximum of ΔS(T ) and is written as :
RCP = −ΔSMδTFWHM
The calculated RCP values in Pr2Fe17−xAlx are reported in Table 2. RCP decreases from
540 J/kg (x =0) to 398 J/kg for x = 0.25 and 452 for y = 0.25. This is explained by the fact
that the temperature diﬀerence between the hot and the cool ends of the cycle, δTFWHM , is
twice higher for x = 0 ie 100 K that 52.3K for x = 0.25 while the value of magnetic entropy
change, ΔSM , is 1.4 times higher. We can notice that the value for x = 0 even higher than those
reported for Pr2Fe17 bulk at room temperature. The higher value of the Pr2Fe17 without a
secondary α−Fe phase compared with the reported in ref. [13] is a consequence of the absence
of such phase.
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x = 0 x = 0.25 y = 0.25
Ms (emu/g) 165 152 168
ΔSM (J/kg.K) 5.40 7.60 4.9
RCP (J/kg) 540 398 452
Table 2: Saturation magnetization Ms, Magnetic entropy change ΔSM and relative cooling
power RCP for compounds.
4 Conclusion
The magnetic properties and the magnetocaloric eﬀect of Pr2Fe17, Pr1.75Dy0.25Fe17 and
Pr2Fe16.75Al0.25 systems have been studied systematically. Room temperature X-ray powder
diﬀraction conﬁrm that the samples crystallize into the ordered Th2Zn17 type rhombohedral
crystal structure. The praseodymium substitution leads to increase the TC . The magnetic
entropy change ΔSM of all the samples was determined. This large temperature interval with
almost constant value of ΔSM could be interesting for magnetic refrigeration applications at
room temperature using these low-cost intermetallic compounds for Al subsitution except Dy
substituion is not really a low cost.
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